Introduction
When dealing with Superfund hazardous is that there is really no such thing as a sinwaste disposal sites, one cannot avoid fac-gle chemical exposure (1, 2) . Although all ing the issues of chemical mixtures. How-scientists appear to agree that exposure to ever, the problems of multiple chemical chemical mixtures is the rule rather than exposures and the related possible health the exception, few would risk their scienconsequences go far beyond Superfund tific careers to devote themselves to the hazardous waste disposal sites. The reality study of The short answer to this question is "yes?" In reality, when investigators study a single chemical, they are actually studying a fairly complex mixture because of biotransformation and chemical interactions. For instance, in the body, n-hexane is metabolized to 2-hexanol, which can be further metabolized to 2,5-hexanediol and 2-hexanone. Both of these metabolites may in turn be further biotransformed to 5-hydroxy-2-hexanone and go on to form 2,5-hexanedione, a neurotoxic agent and a major metabolite in humans (6 We might in these processes obtain very much more energy than the proton supplied, but on the average we could not expect to obtain energy in this way. It was a very poor and inefficient way of producing energy, and anyone who looked for a source of power in the transformation of the atoms was talking moonshine.
At that time, Rutherford was referring to his belief that whoever talks (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) . The toxicologic end points of prediction, for instance, indude an interaction threshold (18, 19) and acute lethality due to hepatic injuries (20) .
For more complex mixtures, lung cancer risks can be predicted reasonably well based on exposure to cigarette smoke, coke oven mains, and roofing tar. This was made possible by many years of research in human epidemiology and experimental toxicology on the mutagenicity, carcinogenicity, and DNA alteration ability of these mixtures (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) . As for other complex mixtures, the integration of PBPK/PD, QSAR modeling, and lumping analysis (a modeling tool used in the petroleum industry) may formulate a predictive tool for health effects (33) . In the 1960s the application of lumping analysis rendered it possible to predict gasoline production based on a few lumps rather than the thousands of component chemicals of the petroleum (34, 35 (36, 37) . The basic concept of the SOL approach is that any petroleum molecule can be described and represented by a set of structural features or groups (36, 37) . Huge numbers of molecular structures and their related process chemistry are digitized in a systematic manner such that computer modeling and simulation are possible for complex mixtures. The end results are a much more accurate and powerful predictive capability for both the unknown components and/or the end points of interest such as boiling point, specific gravity, and absolute viscosity of homologous series of petroleum chemicals (36, 37 
Conclusion
In this paper, I have attempted to express my views on a number of issues critically important to the research development of the toxicology of chemical mixtures. I tried to be provocative, not to cause anger or resentment, but to invite debate or discussion. Hopefully, through this type of exchange, we will be better thinkers and investigators.
